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© Semiconductor device with MOS-transistors and method of manufacturing the same. 

@ The present invention provides a semiconductor 
device having a well (25), formed in a semiconductor 
substrate by using a mask in which a mask pattern 
width of a portion corresponding to an opening diam- 
eter is equal to or less than twice the diffusion depth 
of the well layer, and a gate electrode (27) formed to 
have the well layer as a channel region of a MOS 
transistor. The well formed in this manner has a 
substantially semi-circular section to facilitate impu- 
rity concentration control in the substrate surface. 
When a plurality of types of opening patterns having 
small pattern widths are formed in a single mask, 
MOS transistors having different threshold voltages 
can be formed in a single process. 
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The present invention relates to a semiconduc- 
tor device and a method of manufacturing the 
same and, more particularly, to a semiconductor 
device and a method of manufacturing the same, 
which are suitably used when MOS transistors hav- 
ing different threshold voltages are to be obtained 
by a single step. 

Conventionally, the threshold voltage of a MOS 
transistor and, more particularly, of a D-type 
(Depletion) transistor, is determined by the type 
and amount of an impurity used for the step of ion 
implantation in a channel, as shown in Figs. 1A to 
1C. Fig. 1A shows a step of forming a gate insulat- 
ing film 2 having a thickness of, e.g., 200 A on, 
e.g., a p-type semiconductor substrate 1. Fig. 1B 
shows a step of ion implantation in a channel for 
controlling the threshold voltage of a MOS transis- 
tor. In Fig. 1 B, phosphorus ions 3 are implanted at 
an acceleration energy of 70 KeV to a concentra- 
tion of about 1 x 10' 2 cm -2 in order to form, e.g., a 
depletion-type transistor. Fig. 1C shows a step of 
forming a gate electrode 4 and source and drain 
diffusion layers 5. In this case, when n-type poly- 
silicon is used as the material of the gate electrode 
4, the threshold voltage of the transistor is about -2 
V. Reference numeral 6 denotes an insulating film; 
and 7, an aluminum wiring layer. 

In this conventional example, however, when 
transistors having different threshold voltages are 
to be formed, different types of ions must be 
implanted in different amounts at different places in 
order to set different threshold voltages. In other 
words, the same number of photoengraving steps 
as that of the required threshold voltages are re- 
quired, resulting in a great increase in the number 
of steps. A conventional well layer is obtained by 
performing impurity implantation through a consid- 
erably large opening of a mask pattern (opening 
diameter). Therefore, the conventional well have a 
uniform surface impurity concentration. To form 
transistors having different threshold voltages in the 
conventional well, it is also necessary to implant 
different types of ions in different amounts into the 
different parts of the well. In this case, too, the 
same number of photoengraving steps as that of 
the threshold voltages need to be performed. 

The present invention has been made in view 
of the above situation and has as its object to 
provide a semiconductor device having different 
threshold voltages in a plurality of MOS transistors, 
and a method of manufacturing the same with 
fewer steps than in a conventional method. 

In order to achieve this object, a semiconductor 
device according to the present invention com- 
prises a semiconductor substrate of one conductiv- 
ity type, a MOS transistor, formed in the semicon- 
ductor substrate and having source and drain lay- 
ers of a conductivity type opposite to that of the 



semiconductor substrate, and a well layer formed 
in the vicinity of a channel region of the MOS 
transistor to control a threshold voltage thereof, 
wherein the well layer has a substantially semi- 

5 circular section with a non-flat lower surface. Also, 
a method of the present invention comprises the 
steps of forming a mask in which a mask pattern 
width of a portion corresponding to a mask opening 
diameter is equal to or less than twice the diffusion 

w depth of a well layer, and implanting an impurity in 
a prospective channel portion of a MOS transistor 
of a semiconductor substrate by using the mask, 
thereby forming the well layer. 

More specifically, according to the present in- 

w vention, there is provided a semiconductor device 
having a well formed in a semiconductor substrate 
by setting the width of a portion of a mask pattern, 
used for impurity implantation, that corresponds to 
an opening diameter to be equal to or less than 

20 twice the diffusion depth of a well layer, and gate 
electrodes formed to have the well layer as a 
channel region of a MOS transistor. The well 
formed in the above manner has a substantially 
semi-circular section to facilitate impurity concen- 

25 tration control in the surface of the substrate (in the 
conventional well, since the impurity is implanted 
through a portion of a mask pattern having a con- 
siderably larger width than in the present invention, 
the surface concentration is uniform and it is dif- 

30 ficult to control the threshold voltage). Furthermore, 
since a plurality of types of opening patterns hav- 
ing a small mask pattern width are formed in a 
single mask, MOS transistors having different 
threshold voltages can be formed in a single pro- 

35 cess. 

This invention can be more fully understood 
from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 

40 Figs. 1A to 1C show steps of manufacturing a 
conventional semiconductor device; 
Figs. 2A to 2E show steps of manufacturing a 
semiconductor device according to an embodi- 
ment of the present invention; 

45 Fig. 3A is a graph of resist space - diffusion 
depth characteristics used for explaining the 
embodiment of the present invention, and Fig. 
3B is a graph of resist space - surface impurity 
concentration characteristics used for explaining 

50 the embodiment of the present invention; 

Fig. 4A is a plan view of a pattern of another 
embodiment of the present invention, and Fig. 
4B is a sectional view taken along the line A - A' 
of Fig. 4A; 

55 Fig. 5A is a plan view of a pattern of still another 
embodiment of the present invention, and 
Fig. 5B is a sectional view taken along the line B 
- B of Fig. 5A; and 
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Fig. 6 is a schematic sectional view of still 
another embodiment of the present invention. 

An embodiment of the present invention will be 
described with reference to Figs. 2A to 2E. First, as 
shown in Fig. 2A, a first thermal oxide film 22 is 
formed on a p-type substrate 21 having an impurity 
concentration of about 3 x 10' 5 cm -3 . Subsequent- 
ly, a resist mask 23 having resist patterns of dif- 
ferent opening widths (mask pattern widths) is 
formed on prospective depletion-type transistor re- 
gions, as shown in Fig. 2B. Phosphorus ions are 
implanted in the substrate 21 at a dose of about 7 
x 10 13 cm -2 and an acceleration energy of 70 KeV. 
The structure is then annealed at 1,150° C for 
about 4 hours to diffuse the phosphorus. As a 
result, a depth Xji of a diffusion layer 24 formed by 
phosphorus diffusion using a resist pattern 23i 
having a large width, e.g., 8 urn, is about 3 urn. 
The surface phosphorus concentration is about 3 x 
10 17 cm -3 . However, a depth X ]2 of a well 25 
formed by using a resist pattern 23 2 having a smali 
width of 1 (im becomes 1 dm, and the surface 
concentration thereof is about 5 x 10 16 cm -3 . 

Thereafter, the oxide film 22 is removed, and a 
gate insulating film 26 is deposited for about 200 
A. MOS transistor gate electrodes 27 are formed at 
portions corresponding to the resist patterns 23i 
and 23 2 . Source and drain diffusion layers 28 are 
formed by, e.g., ion implantation. Then, an alu- 
minum wiring layer 30 is formed over an insulating 
film 29 formed on the substrate as shown in Fig. 
2E, thus completing MOS transistors. 

The well 24 shown in Figs. 2C to 2E is formed 
using the resist pattern 23i having a mask width 
greatly larger than twice its diffusion depth x^ and 
corresponds to a conventional well. The well 25 is 
formed by using the resist pattern 23 2 having a 
mask width equal to or less than twice its diffusion 
depth X j2 . The well 25 has a substantially semi- 
circular section and is appropriate for threshold 
voltage control. This is because when a pattern 
opening diameter is small, the impurity concentra- 
tion and the depth of a diffusion layer (especially 
that of an ion-implantation type) are determined by 
the pattern opening diameter. In this case, the 
length of the gate electrode on the well 25 in the 
channel lengthwise direction is also equal to or less 
than twice its well diffusion depth. 

Fig. 3A shows the resist space (opening pat- 
tern width) - diffusion depth characteristics of this 
embodiment, and Fig. 3B shows the resist space - 
diffusion layer surface impurity concentration char- 
acteristics of the same. The surface impurity con- 
centration influences the threshold voltage of the 
MOS transistor. As is apparent from Figs. 3A and 
3B, when the opening pattern is set to have a width 
equal to or less than twice the diffusion depth, the 
surface impurity concentration is greatly reduced, 



and the diffusion depth becomes small. In other 
words, when the opening pattern width is set small, 
i.e., equal to or less than twice the diffusion depth, 
in the case of an n-channel MOS transistor, as in 

5 this embodiment, the threshold voltage can be 
changed in the positive direction (p-type impurity 
concentration is increased; n-type impurity con- 
centration is decreased). When the pattern width 
becomes 0, the impurity concentration becomes 

w identical to that of the p-type semiconductor sub- 
strate. 

Fig. 4A is a plan view of a pattern according to 
another embodiment of the present invention, and 
Fig. 4B is a sectional view taken along the line A - 

w A' of Fig. 4A. The same reference numerals as in 
Figs. 2A to 2E denote the same or identical por- 
tions in Figs. 4A to 4B. In this embodiment, a 
plurality of mask patterns 232 for impurity implanta- 
tion are arranged on the channel regions of the 

20 MOS transistors. In this case, the diameter of each 
mask pattern 23 2 is equal to or less than twice its 
diffusion depth. More specifically, a plurality of 
circular resist patterns 23 2 are formed in the chan- 
nel regions of, e.g., MOS transistors, as shown in 

25 Fig. 4A. Phosphorus is implanted in these regions, 
and diffusion is subsequently performed to appro- 
priately set the surface phosphorus concentration. 
As a result, the threshold voltages of the MOS 
transistors can be set. 

30 Another narrow diffusion layer pattern can be 
arranged to be perpendicular to the channel length- 
wise direction. Fig. 5A is a plan view of a pattern of 
this example, and Fig. 5B is a sectional view taken 
along the line B - B of Fig. 5A. In this embodiment, 

35 e.g., two mask patterns 23 2 for impurity implanta- 
tion are arranged parallel to the channel widthwise 
direction of the MOS transistors. In this case, the 
condition of the pattern width being equal to or less 
than twice the diffusion depth must apply only to 

40 the widthwise direction (shorter direction) of the 
mask patterns 23 2 , and need not apply to the 
lengthwise direction. 

Fig. 6 shows still another embodiment of the 
present invention. When the threshold voltage goes 

45 more toward the plus side than the case of Figs. 
2A to 2E, a well 25 as shown in Fig. 6 may be 
adopted. The well 25 must similarly satisfy the 
above condition (the width must be equal to or less 
than twice the diffusion depth). 

so The present invention is not limited to the 
above embodiments but various changes and 
modifications can be made within the spirit and 
scope of the invention. For example, the shape of 
the mask pattern can be changed in various man- 

55 ners. In the above embodiments, the well is of a 
conductivity type opposite to that of the semicon- 
ductor substrate. However, the present invention 
can also be applied to an enhancement-type semi- 



5 



EP 0 452 817 A1 



6 



conductor device wherein the conductivity type of 
the well 25 is changed so that it will be of the same 
conductivity type as that of the substrate 21. In the 
above embodiments, the well has a "semi-circular" 
shape. However, it does not mean a true semi- 
circle but a shape whose bottom is not flat, unlike 
the well 24, but is curved, like the well 25. 

According to the present invention, MOS tran- 
sistors having different threshold voltages can be 
formed by the same manufacturing process 
(photoengraving steps) by forming a plurality of 
patterns having different opening diameters in a 
single mask, thus resulting in greatly simplified 
manufacturing steps. 

Reference signs in the claims are intended for 
better understanding and shall not limit the scope. 



6. A method according to claim 4, characterized 
in that a single mask has a plurality types of 
mask pattern widths corresponding to mask 
opening diameters. 

5 

7. A method according to claim 6, characterized 
in that the mask also includes an opening 
pattern (23i) of a condition other than that for 
the mask pattern widths corresponding to the 

10 mask opening diameters. 

8. A method according to claim 4, characterized 
in that said source and drain layers of said 
transistor are formed by ion implantation by 

is using a gate (27) portion formed on said well 
layer as a mask. 



Claims 

1. A semiconductor device comprising a semi- 
conductor substrate (21) of one conductivity 
type, a MOS transistor, formed in said semi- 
conductor substrate and having source and 
drain layers (28) of a conductivity type op- 
posite to that of said semiconductor substrate, 
and a well layer (25) formed in the vicinity of a 
channel region of said MOS transistor to con- 
trol a threshold voltage thereof, wherein said 
well layer has a substantially semi-circular sec- 
tion with a non-flat lower surface. 

2. A device according to claim 1 , characterized in 
that said well layer is of the same conductivity 
type as that of said source and drain layers of 
said MOS transistor. 



9. A method according to claim 4, characterized 
in that a plurality of elongated mask patterns 

20 for impurity implantation are arranged parallel 

to the channel widthwise direction of said MOS 
transistor. 

10. A method according to claim 4, characterized 
25 in that said plurality of mask patterns for impu- 
rity implantation are arranged on channel re- 
gions of a plurality of said MOS transistors. 

11. A method according to claim 4, characterized 
30 in that said well layer is of the same conductiv- 
ity type as that of said source and drain layers 
of said MOS transistor. 

12. A method according to claim 4, characterized 
35 in that said well layer is of a conductivity type 

opposite to that of said source and drain layers 
of said MOS transistor. 



A device according to claim 1 , characterized in 
that said well layer is of a conductivity type 
opposite to that of said source and drain layers 
of said MOS transistor. 



4. A method of manufacturing a semiconductor 
device, comprising the steps of manufacturing 
a mask (23) in which a mask pattern width 
(23 2 ) of a portion corresponding to a mask 45 
opening diameter is not more than twice a 
diffusion depth of a well layer (25), and forming 
said well layer by implanting an impurity in a 
prospective channel region of a MOS transistor 
of a semiconductor substrate by using said so 
mask. 



5. A method according to claim 4, characterized 
in that the length of a gate electrode (27) of 
said MOS transistor in a channel lengthwise 55 
direction is not more than twice the diffusion 
depth of said well layer in the channel length- 
wise direction. 
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